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Introductionl
Background
Since 1967, the State Planning Agency and the Center for Urban and
Regional Affairs, University of Minnesota, have been working together
to improve the way in which information about the State's resources
is collected, used and disseminated. A host of public agencies, for
instance, routinely collect a wealth of physical, social and economic
data which is used exclusively by the collecting agency and filed.
Other agencies that could make use of the data do not know that if
was collected or* where to find it or cannot make full use of the data
because of the way in which it was collected or* categorized.
A number of papers and reports have been written on the subject,
pointing out that a more organized approach would have advantages
to both the public and private sectors. Research has led to the
development of a computer-based "information system" which is
called the Minnesota Land Management Information System (MLMIS).
MLMIS is conceived as a data bank, which can be compared to an
enormous file cabinet, where information can be stored and
conveniently retrieved by anyone who needs it.
The filing system is based on the geographic location of the land
that one wishes to store or retrieve information for. The umt of
land that has been chosen as the basis for the system is the 40-
acre parcel, which is the common denominator of the State's land
records. There are a total of 1.4 million 40-acre parcels in the
state, e^ch having its own exclusive location code in the System.
Thus far, only natural resource information has been entered in
the MLMIS for the entire state. Specifically, one "data variable"
has been stored in all 1.4 million 40-acre parcels. This variable
is "land use" and was interpreted from a set of statewide aerial
photos taken in 1969. Students at the University of Minnesota
examined each 40-acre parcel on the aerial photos and determined
the category of land use that was dominant for each 40. This
was incorporated into the first statewide map of land use. It
is important to note that the land use map would not have been
possible without the aerial photos or the computer process that
was used in printing the map.
Any number of data variables can be entered into the system for
each 40 acre parcel. Hopefully, land ownership,soils and geologic
data, hydro!ogic data, vegetative cover and many other variables
will be added to the system in the near future to improve their
availability to those that make decisions about the potential
use or management of resources. Computer programs now exist
that will enable the information to be retrieved in tabular
form or in map form depending on the application. This would
enable the user to obtain a table of the number of 40's containing
pine, spruce or any other type of tree species in a given area such
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as a township, county, region or* state or a map which illustrates
tree species by 40.
While the computer is an extremely useful tool in storing and retrieving
information quickly, its ultimate usefulness is in its ability to analyze
large amounts of data. Using the previous example of a forestry map,
which is in itself useful, the data becomes even more useful when combined
with other variables. Tree cover can be combined with land ownership
to determine the amount of pine, spruce or aspen on state, federal,
county or private land. If soils data is added to the example, the
potential of growing particular species of trees on certain land can
be calculated. This analytical ability has wide application to a variety
of situations including outdoor recreation facilities which are the
subject of this report.
In 1971, the Minnesota Resources Commission asked the State Planning Agency
to assess the feasibility of two potentia] state parks. These proposed
parks were called Black Bear and Sunrise.i The State Planning Agency
was familiar with outdoo); recreational issues through its participation
in the Project 80 Study. Improved planning was a major recommendation
of that study, but the cost and time factors of planning so many facilities
have represented a concern to the legislature and the Department of
Natural Resources. The desirability of developing an economical and
reliable tool to assist in the master planning of state recreational
facilities, led to three principal objectives for this project:
1. To develop a process of site evaluation which considers both the ^
appropriate uses of various site areas and potential environmental
impact based on explicit and objective criteria. [
2. To create an interdisciplinary framework for developing, refining
and applying recreation and resources planning standards on an
on-going basis.
3. To generate plans for case study sites in order to demonstrate
the application of this process.
The planning process that has resulted from this expenditure is one of
the finest analytical techniques in the Country. Considerable improve-
ment of the technique has occurred between the end of the study in 1973
and the present time. The improvements have been so innovative that it
was difficult to determine the point at which documentation should take
place. This report documents the concepts of the process rather than
the more technical procedures.
^
1 The 1973 Minnesota State Legislature made Sunrise a state park and
renamed it St. Croix Wild River State Park
2 Minnesota Department of Natural Resources and State Planning Agency,
Minnesota Resource Potentials in State_Outdoor Recreation, Project 80
Staff Report No. 1, July, 1971.
[
The Computer-Aided Planning Process
The planning process is based on a computer program termed "Environmental
Planning and Programming Language" (EPPL). Briefly, EPPL is a program
which, through a series of words (i.e. language), commands the computer
to do certain things with the data that has been stored for the study
site.
EPPL either does a number of things that no other* computer program can do
or it does them much more efficiently thereby saving time and money. The
procedure is designed to handle large amounts of data which would thoroughly
confuse the human mind. The designer or manager is liberated from the
purely mechanical tasks to concentrate on more creative aspects of site
planning. The process has been recognized as an extremely flexible
technique which is applicable to a wide variety of situations requiring
resource analysis. In addition to feasibility studies for outdoor recreation,
it can be used to determine the most appropriate location for various uses
or activities to minimize environmental impact. Since its development, the
process has been used successfully in locating several highway alignments
and in planning a major federal wildlife refuge.
Essentially, the data is analyzed in a manner that reveals the location of
areas which are most suitable for specific land uses. The process contains
three major steps which may in turn involve one or more functions. The
major* steps are: data collection and preparation, data analysis and site
design.
Data Collection and Preparation. The planning process begins with the
collection of information about the resources of the area to be studied.
Computer analysis requires the division of the study area into data cells.
The size of the study area and the purpose of the study will determine
the size of the data cell. For* a large area, such as the state, the cell
might be a section (640 acres) or* a 40-acre parcel; in comparison, the
cell might be one acre or less for a small study site. In evaluating
the Black Bear and Sunrise areas, a 2-2/3 acre cell was used. Usually,
the dominant characteristic of each cell is used to represent the entire
cell. For example, if 3/4 of a cell is pasture land, the entire cell is
considered to be pasture.
All data which could influence the suitability of the study site for
relevant land uses should be collected for each cell. Data may include
topography, soil types, vegetation, hydrology, existing land use, existing
physical development (buildings, roads, etc.), and land ownership. These
data, also called "resource variables", are usually collected by profes-
sionals in each field, which fosters interaction between resource
specialists, designers and computer technicians. Objective analysis
requires that resource variables be objectively defined. For example,
the term "steep slope" connotes a different image for different individuals;
but "slope greater than 16 percent" has a definite meaning which can be used
in the evaluation of a site.
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After the data are collected, they are coded or translated into language
which the computer can use. The computer is then able to produce maps
of the study area, illustrating its resources by data cell.
Data Analysis. While separate soils, hydrologic, or vegetation maps
are valuable to the designer or manager, the greatest value of the planning
process is its ability to analyze a number of data variables simultaneously and
show the results on a single map. For instance, complex formulas can be
developed which tell the computer that a campground site must have certain
characteristics of soil, slope, tree cover, and size and that it must be a
certain distance away from other activity areas or roads. The computer will
then search the study area to determine which data cells qualify. Similarly,
formulas can be devised for highways, and the computer will examine all of the
data cells to determine which route is the most scenic and economical to
construct and does the least amount of harm to the environment. The computer
is able to perform these tasks in seconds, whereas a human being would
require days or weeks if he were able to accurately interpret all of
the information.
Srte Jlesign. When the data have been analyzed and the best uses of the
varTous-ce1Ts in a study area have been determined, designers, such as
landscape architects and others prepare master plans which guide the
development of the area. While the computer will indicate the best
locations for roads, picnic and campgrounds, and other activities within
a recreational area, it is necessary to use human judgment in blending
these activity locations into a cohesive solution.
A description of all of the steps and functions in the planning process
are outlined on page 6 and are portrayed in Figure 2.
Description of Recreation Sites
This report introduces the reader to the computer-aided planning process through
an evaluation of the proposed Black Bear and Sunrise Park sites. The Black Bear
site is located approximately 20 miles northeast of Brainerd, Minnesota, in Crow
Wing County. The site proposed for a state park comprises 9,672 acres, but the
total study area for this report encompasses 19,672 acres which includes an
additional 10,000 acres around the perimeter of the site. The northern half
of the site is within the statutory boundary of the Crow Wing State Forest of which
the state owns 2,213 acres. Within the 19,672 acre study area, a total of 4,832
acres are state owned. The site was expanded to assure the identification of
important recreational resources that might be adjacent to the proposed park site.
The Sunrise site is located along the St. Croix River in Chisago County,
approximately 60 miles north-northeast of the Twin Cities. The proposed site
includes an area of 9,000 acres, while the total study area includes an
additional 10,000 acres around the site. The portion of the St. Croix
adjoining the proposed site is part of the federal Wild and Scenic River
System and is classified as a Scenic River. The federal government owns
four percent of the land in the Sunrise study area; the State of Minnesota
owns 18 percent of the study area.
EXISTING CROW WING ke
STATE FOREST BOUNDARY
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FIGURE 1
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All of the sequential steps in the computer-aided planning process are
outlined below and are illustrated in the accompanying diagram.
1. DATA: The inventory of existing natural and cultural resources serves
as the data base for the project. This information is collected for each [^
2-2/3 acre cell from existing sources such asmaps, photos and files. {
In some cases, special surveys or studies are necessary to obtain data
of the desired accuracy. For the Black Bear and Sunrise Studies, 10 f
data variables were collected, so 10 data maps can be produced. |
2. CREATED DATA: By interpreting or combining two or more collected data
vanabTes7new variables can be "created." An example of CREATED DATA
is "shoreline" which is a combination of the water variable and the
soils variable. Four such data variables were created in the study.
3. SITE QUALITY ANALYSIS: Each data cell in the study area is examined
to assess its potential for 20 different recreational activities. A
"site quality rating" for each cell is determined by using one of two
computer routines which compare the resources of each cell against a
list of desirable requirements for* each activity. The routines are
referred to as "site type" analysis and "site factor" analysis.
4. CLUSTER-SEARCH: For each of the 20 recreational activities considered
in this study, the user must specify the required size of the activity
area, the type and quality of resources that are required for the activity
and the density of use or development that is desirable. This routine
examines the site to find the cells that comply with these standards.
Twenty maps can be produced illustrating the appropriate locations for
each activity.
5. COMPOSITES: The 20 recreational activities are grouped into 5 "recreational
activity sectors." The sectors are: Camping, summer activities, winter
activities, water activities and circulation activities. Each cell is
recorded as qualifying for a single activity, multiple activities or* no
activities.
6. ENVIRONMENTAL EFFECTS: The study area is analyzed to determine the impact
or effect of the recreational activities on the resources of each cell and
to identify hazards or adverse effects of the resources on the activities.
7. REVISED COMPOSITE: The activity composite information (step 5) is compared
with the environmental effects information. The resulting map indicates the
activity or activities that can occur in each cell without significant impact
or hazard.
^.
8. SECTOR PLANS: The revised composites are modified by considering which
activities can co-exist on the same cell. The compatibility of activities
will vary with different types of recreational areas (park, recreation area,
forest, etc.). If various activities compete for a cell, the most important
or appropriate activity must be determined.
9. DEVELOPMENT/MANAGEMENT PLANS: The final step in the process is manual.
Utilizing the sector plans, the designer considers the relationships that
are desirable between activity areas, given the central theme or objective
of the site.
-6- ^ r
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PROCESS MODEL (4) Number of maps
Function
DATA AND
CREATED DATA
SITE QUALITY ANALYSIS
CLUSTER-SEARCH
User input Computer process
Data sources
and specifications
Site selection
criteria
Activity standards
COMPOSITES
CAMPING ACTIVITIES .
SUMMER ACTIVITIES
WINTER ACTIVITIES
WATER ACTIVITIES
CIRCULATION ACTIVITIES
ENVIRONMENTAL EFFECTS
POTENTIAL IMPACTS
POTENTIAL HAZARDS
REVISED COMPOSITES
Sector grouping
criteria
Impact/hazard
criteria
Compatibility
standards:
activity vs.
impacts/hazards
SECTOR PLANS
Compafability
standards:
activity vs. activity
DEVELOPMENT PLANS
Planning and
design criteria
Map products
*—< Manual
DATA
(10)1
CREATED DATA
(4)1
SITE QUALITY
ANALYSIS
(20)
CLUSTER-SEARCH
(20)
COMPOSITES
(5)
;NVIRONMENTAU
EFFECTS
(6)1
REVISED
COMPOSITES
(5)
SECTOR PLAN I
Recreation area
SECTOR PLAN
State park
DEVELOPMENT
PLAN I
Recreation area
SECTOR PLAN
State forest
DEVELOPMENT
PLAN 11
State park
(12)
DEVELOPMENT
PLAN III
State forest
(3)
FIGURE 2
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Map List
The Map List below designates the maps produced at each step of
the planning process. The full complement of maps was prepared
for both Black Bear and Sunrise; these are available for review.
at the Environmental Planning Division, Minnesota State Planning Agency.
*Maps of Black Bear which are used as examples in this report.
DATA Winter Activities
VI
V2
V3
V4
V5
V6
*V7
V8
V9
V10
Site
Elevation
Slope
Orientation
Soil
Vegetation
Hydrology
Land Use
Development
Ownership
CREATED DATA
VII Shoreline
*V12 Road Proximity
V13 Vegetation Edge
*V14 Landscape Experience Zones
SITE QUALITY ANALYSIS
Camping Activities
V21 Primitive Camping
V22 Low Density Camping
V23 Medium Density Camping
V24 High Density Camping
Summer Activities
V25 Picnicking
V26 Swimming
VI6 Grouse Habitat
*V29 Forest Production
V20
V28
V33
V34
V17
V39
V40
V27
V30
V18
V31
V32
Grouse Hunting
Winter Camping
Cross Country Skiing
Snowmobiling
Water Activities
Motor Boating
Canoeing
Boat Fishing
Bank Fishing
Circulation Activities
Hiking Trails
Scenic Driving
Horseback Riding
Bicycle Riding
CLUSTER-SEARCH
*V41-44
V51-54
V61-64
V71-74
V81-84
Camping Activities
Summer Activities
Winter Activities
Water- Activities
Circulation Activities
COMPOSITES
V45
*V55
V65
V75
V85
Camping Activities
Summer Activities
Winter Activities -
Hater Activities
Circulation Activities
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ENVIRONMENTAL EFFECTS
V95
V35
V36
V16
*V37
V38
Impacts/Hazards
Potential Impacts
Erosion
Forest Fire
Grouse Habitat
Potential Hazards
Flooding
Bearing
REVISED COMPOSITES
V46 Camping Activities
V56 Summer Activities
*V66 Winter Activities
V76 Water Activities
V86 Circulation Activities
SECTOR PLANS
V47 Camping - Recreation Area
V48 Camping - State Park/State Forest
V57 Summer - Recreation Area
V58 Summer - State Park
*V59 Summer - State Forest
V67 Winter - Recreation Area
V68 Winter - State Park
V69 Winter - State Forest
Y77 Water - Recreation Area
V78 Water - State Park/State Forest
V87 Circulation - Recreation Area
V88 Circulation - State Park/State Forest
DEVELOPMENT MANAGEMENT CONCEPTS
V97 Recreation Areas
V98 State Park
*V99 State Forest
- 9 -
The total area of each site has been subdivided into data cells of
2.67 acres in size for computer manipulations. While the basic data
cell of the statewide system is 40 acres in size, additional detail is
desirable for specific site studies such as these. Each 40 has been
subdivided into 15 parcels: five east-west by three north-south.
This is the format that is required to obtain a computer printed map
that is to scale in all directions because of the rectangular dimension
of the printer character. A printer with square characters is being
developed and will be used to represent a 2h acre cell which is a direct
multiple (1/16) of the basic 40 acre cell of the MLMIS.
Throughout the remainder of the report, selected computer maps of the
Black Bear site are used to illustrate each step of the planning process.
All of the maps that were produced for both sites are listed on pages
8 and 9 and are available at the State Planning Agency.
At the bottom of each sample Black Bear map is a legend which provides
an explanation of the map. At the far left of the sheet beneath the
black line, some of the maps contain information about the factors that
were considered in creating data or* list the activities that are illustrated
on the map. A line may read:
grouse habitat x activity 4
This means that grouse habitat on that particular map is the same as activity
4 and is represented on the map by an "x." Anytime an "x" occurs, that 2-2/3
acre cell is suitable for grouse habitat. The "x" may represent another activity
on a different map.
At the far left of the sheet above the black line, a legend will be found that
further explains the map. There are six columns. A typical line may read:
Grid Frequency
Symbol Legend Cells Acres Pet.
8 (xxxxx) Activity 4 110 293 1
The "8" is the identification number of the data category. "Grid symbol"
provides a key for identifying the computer printed characters on the map
for each data category. The "legend" column indicated the activity or
category of data variable. The last three columns refer to the frequency
with which the activity or category occurs within the Black Bear Study area
in terms of:
a. cells - the number of 2-2/3 acre cells of the particular" activity,
b. acres - the number of cells multiplied times 2-2/3 acres,
c. percent - the number of activity cells as a percent of the
total study area which contains 7,140 2-2/3 acre cells.
- 10 -
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Step 1 Data
Information about the characteristics of the site is collected from
existing data sources such as topographic maps, soil maps, geologic
maps and aerial photographs or from special surveys. These sources
are subdivided into the desired data cell by drawing a grid directly
on the map or photo or by applying a transparent overlay which
contains the grid. The Black Bear and Sunrise studies used a 2-2/3
acre data cell.
Data was collected for:
1.
2.
3.
4.
5.
site boundary
elevation
slope
orientation (direction slope faces)
soil
6.
7.
8.
9.
10.
vegetation
surface water
existing land use
development
land ownership
Project personnel interpret and record the type of data that occurs
within each data cell. The various categories of each data variable
are assigned a number which can be used by the computer. For example,
the variable "soil" contains numerous categories, each of which is
given a specific data identification number, that the computer will
use in analyzing or mapping that category. For the variable "land use,"
the following categories and corresponding identification numbers apply:
forest 1 -residential 5
cultivated 2 extract!ve 6
water 3 open land 7
wetland 4 multiple use 8
The data categories and identification numbers for each of the data variables
collected for the Black Bear Study are listed on the following pages.
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DATA INVENTORY: BLACK BEAR
DATA DATA
VARIABLE VARIABLE
NUMBER NAME
V]_SITE
VI ELEVATION
CATEGORY
IDENTI-
FICATION
NUMBER
1
2
3
0
1
2
3
4 .
5
6
7
8
9
10
n
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
MAP
LEGEND
ABBREVIATION
cuts1te
perimeter
pot. site
950-959
960-969
970-979
980-989
990-999
1000-1009
1010-1019
1020-1029
1030-1039
1040-1049
1050-1059
1060-1069
1070-1079
1080-1089
1090-1099
noo-noo
mo-ni9
1120-1129
1130-1139
1140-1149
1150-1159
1160-1169
1170-1179
1180-1189
1190-1199
1200-1209
1210-1219
1220-1229
1230-1239
1240-1249
1250-1259
1260-1269
1270-1279
1280-1289
1290-1299
1300-1309
DATA
DESCRIPTION
STUDY AREA BOUNDARY
beyond perimeter*
perimeter of site
potential site
LANDFORM CONTOURS
feet above sea 1 eve
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DATA DATA
VARIABLE VARIABLE
NUMBER NAME_
V3_SLOPE
V4 ORIENTATION
V5 SOIL
CATEGORY
IDENTI-
FICATION
NUMBER
0
1
2
0
1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9
10
n
12
13
14
15
16
17
18
19
20
21
22
MAP
LEGEND
ABBREVIATION
0-5
6-15
16 over
Flat
North
Northeast
East
Southeast
South
Southwest
West
Northwest
Promontory
alluvisl
sloam well
sloam well
sloam well
sloam well
sloam well
sloam well
silt loam
silt loam
Ispeat poor
1 sand well
Isand well
marsh
Ispeat poor
peat poor
slcypeatpoor
ploam poor
mine dump
water
sloam poor
1 sand poor
ss loam well
DATA
DESCRIPTION
LANDFORM INCLINATION
less than 5%
over 16°,
DIRECTION OF SLOPE
no orientation
overlook
SURFICIAL MATERIAL
floodplain deposits
sandy loam
well drained
loamy sandy peat
poorly drained
loamy sand well drained
sandy loamy clayey
- peat poorly drained
peaty loam poorly
drained
mine pits and failings
sandy silt loam well
drained
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DATA DATA
VARIABLE VARIABLE
NUMBER NAME
V6 VEGETATION
V7__HYDROLOGY
V8 LAND USE
CATEGORY
IDENTI-
FICATION
NUMBER
0
1
2
3
4
5
6
7
8
9
10
n
12
0
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
MAP
LEGEND
ABBREVIATION
DATA
DESCRIPTION
COVER TYPE
(type (dec = deciduous; con = comferous),
% crown density,
15'-60'; Large
none
farm
marsh
urban gen
dec 1-30 M
dec 31-50 M
dec 51-80 M
dec 81-100 L
mix 51-80 M
con 1-30 S
con 31-50 M
con 51-80 M
con 51-80 L
none
interstrem
perm strem
river
pond
lake
marsh
mines
springs
forested
cultivated
water
wetlands
resident
extract!ve
open lands
mixlanduse
, size (Sman=15'; Medium=
6Q'+))
open land
cultivated
urban general
street trees
deciduous
mixed deciduous -
comferous
DRAINAGE TYPES
intermittent stream
permanent stream
Mississippi
less than 5 acres
5 acres or larger
mine pits
EXISTING USE
residential
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CATEGORY
DATA DATA I DENT I -
VARIABLE VARIABLE FICATION
NUMBER NAME NUMBER
V9 ___DEVELOPMENT_TYPES
0
1
2
3
4
5
6
7
8
9
VI 0 OWNERSHIP
1
2
3
4
5
6
MAP
LEGEND
ABBREVIATION
none
unimproved
gravel rd
co21ane rd
state rd
railroad
utilcorrid
urban str
bldg-struc
prox 3 or 4
water
pn'v. corp.
pn'v. inch'v.
county
incorp.
state
DATA
DESCRIPTION
EXISTING CULTURAL FEATURES
open land
ummproved road
county 2 lane
overhead utility line
general urban
development
isolated building
immediate proximity to
county or state road
public ownership
private corporations
logging or mining
private individuals
incorporated area
Minnesota-full or
partial
Data Preparation
When the resource variables have been chosen and the data sources have been
assembled, the data is coded and keypunched onto 80 column data processing
cards. This coding procedure is repeated for the entire study area for each
resource variable. For each variable, consequently, there is a group of data
cards, called a deck, for the entire study area. One deck represents slope,
another deck represents soil type, etc. These decks are read into the computer
where the data is stored for later analysis. Maps of each resource variable
may be printed at this time.
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The DATA PREPARATION diagram on the following pages illustrates the
coding procedure for a hypothetical 35 cell study area.
1. Existing sources containing resource data (e.g. topographic maps,
soil maps, plat maps, and aerial photographs) are assembled.
2. A resource inventory map is prepared for each resource variable
(shown as elevation) by transferring data from the existing sources
to a base map of the study area.
3. The resource inventory map is overlaid with a transparent grid.
4. Project personnel interpret the resource inventory map. The data
identification number of the dominant category in each cell is
entered on a coding form. For example, the first cell in row 2, is
assigned the identification number 2. This represents the elevation
category occupying the major* portion of the cell (710'-720')
This coding sheet is designed with the same number of rows and
columns as the grid overlay. Each cell has a corresponding
location on the coding sheet.
5. The data identification numbers are keypunched onto 80 column data
cards. Each card represents one row of cells in the study area.
Each column on the card represents one cell in a row. If the study
area is more than 80 cells wide, additional cards are used to
represent each row. Each row begins on a new card.
The'entire study area is represented in each deck. In this
example, each deck contains 5 data cards.
Because each cell is represented by one column on the data card,
the data identification numbers used must be one digit alphanumeric
codes. This constraint places some limits on the maximum number of
categories within a resource variable.
6. The data cards are read into the computer (input). The data is |
stored in the ccmputer* and a computer printed resource inventory i
map is produced (output).
7. The computer map displays the distribution resource of each variable
in the study area.
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1. EXISTING DATA SOURCE
(USGS map)
2. RESOURCE INVENTORY MAP
(Elevation contours)
3. GRID OVERLAY
(5 rows and 7 columns = 35 cells)
4. CODING FORM
\ = 700'710' 3 = 720'-730'
2 = 7W-720' 4 = 730'-740'
5. DATA CARDS
(One card per row; One punch per column)
6. COMPUTER INPUT-OUTPUT
(Card reader to computer to printer)
7. COMPUTER MAP
1 = . 3 = x
2=0 4 = •
DATA PREPARATION FLOW CHART FIGURE 3
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Data
Hydrology
Surface Water Types
V7
Permanent
Stream
River Intermittant
Stream
,^
Source: U.S.G.S. base map, 1:24,000
Aerial photos, 1:20,000; 1:24,000
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Created Data
r
Step 2 Created Data
Since the data is collected in an objective and descriptive manner,
it is possible to interpret certain data variables to create new
data variables. In the Black Bear and Sunrise studies, four new
data variables were created: (1) Shoreline; (2) Road Proximity;
(3) Vegetation Edge; (4) Landscape Experience Zones.
Shoreline is the edge between water and land and is determined by
interpreting the hydrology variable. Shoreline is an important
consideration in determining the location of access points, trail
locations, or the appropriateness of various forest management
techniques, or land sales practices.
Road Proximity is determined by combining the development variable,
which contains various types of roads, with a distance factor.
It may be appropriate to locate certain types of recreational
activities beyond a certain sight or sound distance of a roadway.
In analyzing the site for appropriate locations for this activity,
the computer will automatically exclude all of the data cells that
are undesirably close to a roadway.
Vegetation Edge results from an interpretation of the vegetation
variable and represents the contact point between vegetative types
such as forest and grassland. Edges such as this may represent likely
wildlife siting locations or influence the location of certain facilities,
A computer routine called boundary search enables the computer to produce
these created variables which are therTstored in the computer in the
same manner that the original data variables were. By interpreting the
data and storing only the desired results, the computer does not have
to sort through the mass of extraneous data each time that particular
variable needs to be used in the planning process. This saves a
considerable amount of computer time during the analysis process.
The routine also saves human time by using the computer to interpret
the data and store the results rather than requiring the user to
manually interpret, code and keypunch the data.
Landscape Experience Zones were created by using a slightly different
routine which locates and groups data cells within the site that
possesses certain resource combinations that are determined to be
desirable or undesirable for specific uses. The routine allows the
computer to examine all of the resource variables in each cell to
determine the combination of resources that exist in that cell.
Those cells that contain the specified combination are located
and mapped.
One type of Landscape Experience Zone is the "wooded upland zone"
which is defined as having:
1. slope less than 15%
2. elevation over 1,200 feet above sea level
- 25 -
r3. a minimum vegetative crown cover of 30%
4. no water
5. no mines
A flow diagram for defining the various Landscape Experience Zones
is illustrated on page 28 . A map of the Landscape Experience
Zones in the Black Bear Site is on page 31 .
The following Data categories were created in the Black Bear study:
DATA DATA
VARIABLE VARIABLE
NUMBER NAME
CATEGORY
IDENTI-
FICATION
NUMBER
MAP
LEGEND
ABBREVIATION
DATA
DESCRIPTION
vn SHORELINE
V12 ROAD PROXIMITY
none
nv.lakpond
streams
shore of river,
lake, or pond
shore of streams
VI 3 VEGETATION EDGE
none
4 cells
3 cells
2 cells
1 cell
road
5 or more cells away
4 cells away
3 cells away
2 cells away
1 cell away
road in cell
V14 LANDSCAPE EXPERIENCE ZONES
nonedge
edge
entirely trees or open
edge between trees
and open
urban
mines
open up
open low
promont
wd low
wd up
wd slope
water
open upland
open lowland
promon tones
wooded lowland
wooded upland
wooded slope
- 26 -
[
The Created Data maps produced by this examination and interpretation are
added to the data inventory. Created Data becomes an additional source,
providing more complete information about a site. This combined data
base, containing both Data and Created Data maps, is available for analysis
in subsequent steps.
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Step3 Site Quality Analysis
Site Quality Analysis is the first of a series of steps which
analyze and evaluate the resources of the study area in tems
of their suitability for specific r'ecreational uses. Twenty
Site Quality Analysis maps were produced in the Black Bear and
Sunrise studies which correspond to the 20 activities listed on
page 36. Each Site Quality map illustrates the suitability of
each cell for a specific activity.
The resource requirements for each activity must be specified.
Engineering, aesthetic, habitat and user preference factors
determine these requirements. By comparing the resources found
in a cell with the resource requirements specified for an activity,
each cell in the study area is given a quality rating from 1
(poorest) to 10 (best) for each activity.
Site Quality ratings are determined through the use of one of
two evaluation routines: site type analysis or site factor
analysis.
In site type analysis, each cell is evaluated in terms of the
resource requirements that are desirable for each recreational
activity. Cells which possess the specified combinations of
resources will be given a higher quality rating for that activity
than cells which possess a different combination of resources.
The site type analysis is the same routine that was used to create
Landscape Experience Zones in Step 2.
Site factor analysis is a computer routine which uses a weighted
sconng—system to rate site quality. Whereas site type analysis
considers only the presence or absence of a particular combination
of resource characteristics, site factor analysis is a more accurate
indicator of quality because it considers the relative importance
of each resource characteristic for an activity. In this routine,
the site quality rating of a cell reflects both the presence of a
resource and the relative importance of that resource for the
activity.
The site factor analysis entails the assignment of welgjrts, and values
and the determination of scores.
Weights are numerical multipliers which signify the
relative importance of a resource variable
(such as soil) for a specific recreational
activity* Thesemu 1t1 pl ters range from 5
(high importance) to 1 (low Importance).
Values are assigned to the various categories of each resource
variable (such as sandy soil) in accordance with
their suitability for a specific activity. These
Values range from 5 (very suitable) to 0 (poorly suited).
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Scores are the product of weight times value.
For each activity, the user specifies the Data or Created Data variables
(resource requirements) that are to be considered in calculating the
site quality rating. In the Black Bear study, the rating for low density
camping was based on 4 variables which were weighted as follows:
slope-3; soil-3; vegetation-5; shoreline-5.
The values for each category of each variable are illustrated in
Figure 5. Using these values, a cell containing a^slope of
10%, a silty loam.well-drained soil (3), a stand of large comfers
with over 50% crown closure (Con. 51-SOL), and located on the shore
of a lake would be rated as follows:
Variable Weight x Value = Score
Slope
son
Vegetation
Shoreline
3
3
5
5
3
4
5
4
9
12
25
20
Site quality rating of cell: 66
The scores for each variable are added together to produce the
site quality rating for each specific activity for each cell.
In Black Bear and Sunrise, only the 4 most significant variables were
used to determine quality ratings for each activity. These variables
are listed on the following pages. Tests were made using first nine
variables and then four variables. It was determined that the four
major factors tended to determine the rating while the other five
factors did not significantly affect the results.
In this study, values were obtained for each activity from a variety
of references, which are listed in the bibliography. These values were
supplemented by professionals in the fields of recreation, forestry,
soil, fisheries and wildlife. (See Participants)
RECREATIONAL ACTIVITIES CONSIDERED j
Primitive Camping Cross-Country Skiing
Low Density Camping Snowmobiling
Medium Density Camping Motor Boating
High Density Camping Canoeing
Picnicking Boat Fishing
Swimming Bank Fishing
Grouse Habitat Hiking Trails
Forest Production Scenic Driving
Grouse Hunting Horseback Riding
Winter Camping Bicycle Riding
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SITE QUALITY ANALYSIS
CAMPING ACTIVITIES LOW DENSITY CAMPING V22
FORMULA: low density camping = (vegetation x 5) + (shoreline x 4) +
(slope x 3) + (soil x 3).
RESOURCE VARIABLE
V3 Slope
0
1
2
5%
6-15°,
16% and over
V5 Soils
1
2
3
4
5
6
7
8
9
10
n
12
13
14
15
16
17
18
19
20
21
22
* w =
v =
s =
alluvial
1 loam well
s loam well
s loam well
s loam well
s loam well
s loam well
silt loam
silt loam
1 s peat poor
1 sand well
1 sand well
marsh
1 s peat poor*
peat poor
s 1 cy peat poor
p loam poor
mine dump
water
s loam poor
s loam poor
ss loam well
weight
value
score
*w
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
*v
4
3
2
0
5
4
4
5
5
4
3
3
0
5
5
0
0
0
0
0
0
0
1
1
3
*s
12
9
6
0
15
12
12
15
15
12
9
9
0
15
15
0
0
0
0
0
0
0
3
3
9
RESOURCE VARIABLE
V6 Vegetation *W *V
1 farm (cultivated) 5 0
2 marsh 5 0
3 gen. urban 5 0
4 dec. 1-30 M 5 -
5 dec. 31-50 M 54
6 dec. 51-80 M 5 -
7 dec. 81-100 L 5 4
8 mix. 51-80 M 5 -
9 con. 1-30 S 53
A con. 31-50 M 5 -
B con. 51-80 M 5 -
C con. 51-80 L 55
VII Shoreline
1 river, lake, pond 4 5
2 stream 4 3
Low Density Camping is developed
at 3 units per acre net. Develop-
ment would include tent pads and
road access but no utility hook-
ups. A central toilet facility is
provided within 300' of campsites.
Amenities such as vegetation and
shoreline are primary requirements
construction factors such as slope
and soil are secondary factors.
*s
0
0
0
17
20
22
20
22
15
22
23
25
20
12
i
FIGURE 5
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RECREATIONAL ACTIVITY RESOURCE REQUIREMENTS
ACTIVITY
1. PRIMITIVE CAMPGROUND
ACTIVITY DEFINITION
Individual, remote sites
accessible only by foot,
or canoe; no facilities
provided; self-selected
campsite locations within
designated area.
co
00
VARIABLE
Vegetation (type, size, density)
for spatial enclosure, character
and microclimate modification.
IMPORTANCE OF
VARIABLE
Very High
Shoreline for water supply, access High
by non-motor boat, character, spatial
enhancement, related recreation
potential.
Onentation for sun exposure.
Development types as a detri-
ment with noise and visual
distractions.
Ned i urn
Soil for bearing and soil moisture. Low
Slope for usability and variation Very Low
in landform.
2. LOW/MEDIUM DENSITY
CAMPING
Grouped campsites accessible
by vehicles with provision of
utilities and designated
campsites.
Vegetation (type, size, density) Very High
for spatial enclosure, character
and microclimate modification.
Soils for bearing and soil High
moisture related to roads and
camps1tes.
ACTIVITY ACTIVITY DEFINITION VARIABLE
IMPORTANCE OF
VARIABLE
Low/MexH urn Density
Camping (cont.)
Shore line for character, spatial Medtum
enhancement, and related recreation
potential. Orientation for sun
exposure.
Slope forrdeve1ppmen t of roads
and campsites. Development types
as a detriment and distraction.
Low
3. HIGH DENSITY CAMPING
co
<^)
Collective campsites accessible
by vehicles with trailers or*
tents with provision of utilities
and des-igna-fced, camper stalls.
Slope- for construction of r'oads Very High
and campsites.
Veqetation (type, size, density) High
for spatial enclosure and character.
SoTls^br^beaNnGi -and soil moi sture
related to roads and campsites.
Shore line for character, spatial
enhancement and rel ated- recrea-ti on
potential.
Medium
On'entetion for sun exposure. Low
Dey<a1 bpment types forT access-ib V 1 ty. Very bow
4. PICNICKING Permanent, multiple-use recreation
for picnicking and related activities
such as field games, exploring, etc.
and may be adjacent to water recrea-
tion areas, trails, camping, .etc.
Shorel i ne for character» spatia 1
enlrancement, arr^ re1 a-fcetl recreat-i on
pb^e nti a 1 such as b oalf 1 ^u hi hi ng
swimming, fishing, etc.
Very High
ACTIVITY ACTIVITY DEFINITION VARIABLE
IMPORTANCE OF
VARIABLE
Picnicking (cont.) Soils for drainage characteristics. High
Vegetation (type, size, density)
for character and microclimate
modification.
Slope for usability and variation Medium
of landform.
Orientation for sun exposure. Low
Development types for accessibility. Very Low
5. GROUSE HABITAT
(HUNTING)
0^
Areas of habitat value for
grouse with no special require-
ments for hunter's.
Vegetation "edge" as primary food Very High
and cover zone.
Vegetation as primary cover and High
food zone.
Development types as a detriment Low
to habitat.
6. BOAT FISHING Water areas which qualify for
potential boat fishing and are
not in competition with or in
proximity to active water recreation
Hydrology - river, lake. Required
7. STREAM FISHING Water areas which qualify for
potential stream (bank) fishing and
are not in competition with active
recreation.
HydroIOQV - permanent stream,
river, pond, lake.
Required
ACTIVITY
8. SWIMMING
MOTOR BOATING AND
WATER SKIING
ACTIVITY DEFINITION
Supervised water recreation with
provisions for parking and bath
house.
Water areas which qualify for
potential boating and are not
in competition with or proximity
to natural areas.
VARIABLE
Shoreline of rivers or lakes.
Soils for texture and drainage.
Orients, tion for sun exposure.
Vegetation for partial canopy
and open understory.
Slope for minimum usability.
- n'ver, lake
IMPORTANCE OF
VARIABLE
Required
Very High
High
Medium
Very Low
Required
10. CANOEING Pleasure canoeing on permanent
streams, rivers, or lakes and not
in competition with motor boating.
Hydrology - permanent streams,
rivers, lakes
Required
11. PRIMITIVE CAMPGROUND
(WINTER)
Individual 3 remote sites accessible
only by foot or canoe; no facilities
provided; self-selected campsite
locations within designated area.
Orientation for sun and wind Very High
exposure.
Vegetation for spatial enclosure. High
cftaracter, and microclimate
modification.
Development types^ as a detriment Medium
and distraction.
Slope for usability and variation Very Low
in landform.
ACTIVITY ACTIVITY DEFINITION VARIABLE
IMPORTANCE OF
VARIABLE
12. TENT CAMPGROUND
(UINTER)/
Grouped campsites accessible
by vehicles with provision of
utilities and designated campsites
-ta>
rvs
Vegetation (type, density)
for spatial enclosure, character
and microclimate modification.
Very High
Soi\Ts for bearing and soil moisture High
related to roads and campsites.
Shoreline for character, spatial Medium
enhancement, and related recreation
potential. Orientation for sun
exposure.
Slope for development of roads and
campsites. Development types as a
detriment and distraction.
1. Proximity to access roads.
2. Proximity to winter activity
areas (i.e. trails, cross-
country skiing, driving for
pleasure)
Low
13. DEER HABITAT
(HUNTING)
Areas of habitat value for
deer with no special require-
ments for hunters.
Vegetation for primary food and Very High
acceptable cover.
Vegetation for primary cover and High
acceptable food. Shoreline as water
supply.
Development types as a detriment
to habitat.
Low
ACTIVITY ACTIVITY DEFINITION VARIABLE
IMPORTANCE OF
VARIABLE
14. FOREST PRODUCTIVITY Potential commercial value of sites
for timber harvest.
Vegetation for current harvest
value based on type, size, and
density.
Soils for site index, as a
measure of potential yield.
Hydrology for loss of area to
water bodies.
Development types for loss of
area to development.
Very High
High
Very Low
Very Low
-f-.
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Cluster - Search!
[
Step 4 Cluster-Search
This step of the planning process Involves two computer routines which
locate groups of contiguous 2-2/3 acre cells which will form a site of
the appropriate size and quality for a particular activity and is a
desirable distance from other activities. The user must develop minimum
standards for each activity in terms of:
a. size of activity area
b. site quality rating
c. buffer area or distance
The Cluster routine permits the grouping or "clustering" of contiguous
cells con tatmng the desired site quality rating for each activity Into
an activity si'te of the proper size* If the minimum number of cells for
a suitable activity site has-been set at 8, the computer will not record
a grouping of 7 or less.
The Search routine is used to locate a buffer strip around the perimeter
of an activity site when °1t Is desirable to insulate the activity frofn
undesirable outside Influences. For example, a buffer between cross
country skiing and snowmob-iling Is desirable. Not a17 activities require
buffer areas nor are all activities automatically excluded from the buffer.
Buffer requirements are determined for each activity and the computer
identifies the appropriate number of buffer cells around each activity site.
The combined cluster and buffer constitute the gross area requirements
for an activity site. The cluster alone is the net area. A single cell
or group of cells may fulfill the requirements for more than one activity
and will be included on a number of^ cluster-search maps.
Standards for the 20 activities are outlined in Figure 6 and were developed
from the various federal, state and private sources listed in the bibliography.
An explanation of the terms us^d in Figure 6 appears below.
Activities are grouped into 5 sectors: campingt summer,
winter, water» and circulation.
Standards reflect the desirable activity-land ratios and
crowding levels^
Minimum Number ©f Cells^ describes the smallest acceptable
site to justify required service and management. This
grouping of cells constitutes a "cluster" of cells.
Site Quality Index describes the minimum quality rating that
is acceptable for each activity. The Site Quality Index represents
the maximum potential rating-that a cell can be given for a given
activity on a statewide bas-is^ Farming from TO (highest) to 1 (poorest).
In other words an index of 10 would be given to a cell that possessed
the perfect combination of re.sources for an activity. In a given
study area, the best activity site may only rank 5 on the 1 to 10
-49 -
scale. By using this system the user can determine how gcud
the best site really is. The Site Quality Index is a score
which is calculated from the site quality rating in Step 3.
In the example of low density camping on page 36 , a quality
rating of 66 for that cell was derived from that combination
of resources. The maximum rating for the activity is: slope-12 + soil-
15 + vegetatfon-25 + shoreline-20 = 72. The maximum score is divided
into 10 equal parts of 7.2 each. Therefore, the site quality rating of
66 is equal to an Index of 9 (66 x 10 f 72).
Buffer describes the perimeter buffer required to prevent
encroachment on an activity. Buffers do not exclude all
other activities, only selected one. While buffer is
expressed in terms of cells, it is the lineal dimension of
the cell that applies. For* instance, one 2.h acre cell measures
330 feet on a side. Therefore, if an activity has a desired
buffer of 3 cells, that means that the desired distance of
separation from other activities is 3 x 330' = 990'.
Activity Unjts_Per_Cen describes the desired number of activity
units, such as campsites to within a 2-2/3 acre cell.
People Per Activity Unit describes the average number of persons
participating in a unit of activity.
People Per Cell equals umts/cell times people/um't.
Minimum People Per Cluster describes the minimum acceptable
population of users to justify the development and management
of an activity area.
Minimum Area Gross describes the minimum land requirements
of an activity site, including the cluster and its buffer in
terms of acres.
- 50 -
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SIZE AND DENSITY STANDARDS FOR OUTDOOR RECREATIONAL ACTIVITIES
ACTIVITY
Primitive Camping
Low Density Camping
Medium Density Camping
High Density Camping
Picnicking
Swimming
Grouse Habitat
Forest Production
Grouse Habitat
Winter Camping
Cross Country Skiing
Snowmobiling
Motor Boating
Canoeing
Boat Fishing
Bank Fishing
Hiking Trails
Scenic Driving
Horseback Riding
Bicycling
OUTDOOR
RECREATION
STANDARD
1 um't/acre net
3 unit/acre net
7 um't/acre net
10 umt/acre net
8 um't/acre net
200 persons/acre
40 acre minimum
10 acre minimum
10 acre/person
3 um't/acre
6 groups/nnle
8 groups/mile
16 acre/unit
4 umts/mile
3 acre/unit
6 person/mile
7 groups/mile
8 umt/mile
2 umt/mile
6 umt/mile
FIGURE 6
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Step 5 Composites
The 20 outdoor recreational activities have been grouped into 5
activity sectors: camping, summer activities, winter activities,
water activities and circulation. (See below)
In the Composite step, the ideal activity sites and buffers that
were located in cluster-search are combined by sector, to permit
the data to be stored, evaluated and displayed with only 5 sector
maps containing 4 activities each, rather than 20 individual activity
maps.
Composite, permits all of the possible locations of the four
activities within a sector to be displayed on a single map. Cells
which either do not qualify for any activity or qualify for only
one activity are depicted by a single computer character on the
map. Cells which qualify for more than one activity are mapped
by overprinting the characters that represent each activity.
Future analysis steps will be performed on the 5 activity
sectors rather than the 20 individual activities.
SECTOR
Camping Activities
Summer Activities
Winter Activities
Water Activities
Circulation Activities
ACTIVITIES
Primitive Camping
Low Density Camping
Medium Density Camping
High Density Camping
Picnicking
Swimming
Grouse Habitat
Forest Production
Grouse Hunting
Winter Camping
Cross-Country Skiing
Snowmobiling
Motor Boating
Canoeing
Boat Fishing
Bank Fishing
Hiking Trails
Scenic Driving
Horseback Riding
Bicycle Riding
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Summer Activities V55
Forest production
Grouse habitat
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Environmental Effects!
Step 6 Environmental Effects
A site may be "attractive" for* a particular recreational activity
if it contains those characteristics defined in the Site Quality
Analysis. This does not ensure, however, that there will not be
adverse environmental effects associated with an activity on a
particular site. By evaluating the study area to locate sensitive
resources, activity sites which are "attractive" but environmentally
undesirable can be excluded.
The Environmental Effects step of the planning process involves an
analysis of Data and Created Data to locate areas of potential
environmental impact and hazard (see Appendix for formulas used to locate
these areas).
Impact is defined as the detrimental effect that an activity will have
upon a resource. The list of impacts developed for this study is not
as exhaustive as might be necessary for a detailed environmental impact
study. Impact categories include:
1. Erosion - an indicator of activity impact on soil systems.
2. Grouse Habitat - an indicator of impact on biological systems.
3. Forest Fire - an indicator of impact on productive capacity.
Hazards are defined as the potential detrimental effects that a resource
will have on activities. Hazard categories include:
1. Flooding - an indicator of potential hazard to property
and human safety.
2. Bearing - an indicator* of potential hazard due to the inability
of a particular* soil, such as peat, to support foundations
or other construction.
The user specifies criteria which define the impact and hazard categories.
For* each category, the Site Type Analysis routine (Step 3) is used to locate
and map environmentally sensitive cells. These individual Impact and
Hazard maps are then combined into a composite Impact/Hazard map which
will be used to modify the composite maps of the 5 activity sectors. In
this manner, the composite Impact/Hazard map illustrates areas with resource
combinations which would be adversely affected by recreational development
or would not effectively support an activity. For example^ a campground
would have an adverse impact on grouse habitat; similarly, a floodplain
could be a hazardous location for a highly developed campground.
The Environmental Effects evaluation for soil erosion is illustrated by
the diagram on page 71. Severe erosion problems (data value 9) are
encountered only on farms (cultivated land) with alluvial or poorly
bonded, soils, such as loamy sand, and slope greater than 16 percent.
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Step 7 Revised Composites
In this step of the planning process, the Composites of the 5 activity
sectors are modified or revised by the composite Environmental Effects
map. Each activity site on the sector Composite is compared with the
corresponding site on the Environmental Effects map. Activity sites
which fall within environmentally sensitive areas are eliminated from
further consideration. As a result of this routine. Revised Composite
maps display environmentally sound activity sites.
The comparison of the sector Composites with the Environmental Effects
composite is accomplished by use of a decision matrix. Figure 8
illustrates the decision matrix used for evaluating the Black Bear
winter activities composite. This matrix is specified by the user.
Each cell in the study area is evaluated by a numerical analysis,
and incompatible activities are eliminated. The numerical analysis
involves the assignment of the numbers 1, 2, 4, 8, or 16 to each
activity and each impact and hazard. For each activity and each
environmental effect, the question is asked, "Is this activity
compatible with the environmental effect?" If the answer is "yes,"
the number of the activity (1, 2, 4, 8, or 16) Is entered in the
appropriate block. If the answer is "no," a 0 is entered. When
all activities are evaluated, each column is totaled. The sum is
referred to as a compatibility score. A perfect score is 31
(1 +2+4+ 8+ 16 = 31) meaning that all activities are compatible.
If a column totals less than 31, the computer determines which
activity or combination of activities are incompatible by comparing
that score with 31. The numbers assigned to the activities result
in unique sums for each combination of compatible activities. For
instance, a score of 6 can only result from adding 2+4. No other
combination of the 5 numbers will result in that score.
In the winter camping example, the sum of the first column, grouse
habitat is 15 (1 +2+4+ 8). Since 31-15=16, winter camping is
incompatible only with snowmobiling (activity number 16), since no
other number of combination of numbers equals 16. Therefore,
snowmobiling would be prohibited in grouse habitats. All activities
are compatible with bearing (impact number 16), whose compatibility
score is 31, which is the sum of all 5 numbers.
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Revised composites
Winter Activities V66
WINTER
1 Buffer
2 Grouse Hunting
4 Winter Camping
8 Cross Country Skiing
16 Snowmobiling
VERSUS IMPACTS
1 Grouse
2 Erosion
4 Forest Fire
8 Flooding
16 Bearing
Impacts
1 2 4 816
1
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^ ^
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0
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8 16
1
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1616
TOTAL 15 7 31 15 31
FIGURE 8
r
Decision matrix
Is the activity compatible with
sensitive resources - major and
severe impacts?
Yes 0 No
Computer imput
Incompatible
Compatible
I
- 76 -
U
N
 H
 W
 N
U
 I
 H
 H
I
X
X
 U
 U
 1
1
1
 U
 II II N
H
N
 1
1
 1
1
 1
1
1
1
 II II II II
t
—
o
 in
 r
^
 c
 c
u
^
 n
 ^
CL
c
'c
:
n
,
-
t
 
o
o
 
o
 
c
-
X
 X
 (I
X
 X
-
 I
I
X
 11 11
x
 u
 n
H
 H
 H
1
1
 II II
II II II
11 N
II II
II 11
II 1
II II
II II
II It
11 II
M
 11
• 11
•
 II
•
 H
II 11II
11 II
II II
II H
H
 II
11 II
1
 II
II II
11 II
II II
ii n
1
 N
u
 u
H
 II
II II
w
 n
II 11
II H
II M
I
I
 •
0
 U
0
 II
0
 II
o
 n
0
 II
II II
M
 11
1
1
 II
11 II
H
 II
H
 II
11 M
It II
X
 11
X
 II
X
 X
x
 *
x
 x
x
 x
n
 w
H
 11
n
 11
N
 N
11 11 U
 H
K
 H
 H
 H
u
 w
 •
 •
1
1
 1
1
 •
H
II II H
 1
1
11 H
 11 H
•
U
 H
 •
N
U
N
•
 n
 n
 n
 •
 w
 w
H
 1
1
 H
 1
1
 •
 H
 W
•
 •
U
 N
 N
N
H
1
1
 H
 1
1
1
1
 H
U
M
II H
 II 1
1
H
1
1
 It U
 X
X
 N
 M
M
 1
1
 II
n
-
i
 »
-
i
»
-
l
 •
 »
-
>
 •
 •
 n
 u
11 11 U
 H
11 11 11 11
H
 II
H
 II
1
1
 X
X
 M
 1
1
 II
1
1
 X
X
 H
 1
1
 II
N
U
 N
U
 U
 H
II II II 1
1
 II H
n
 1
1
 n
 1
1
 n
 n
 n
 ii •
 •
 •
II 1
 II II
1
1
 II U
 II
1
1
 H
 •
<
f
U
H
 •
-
»
1
1
 1
1
 •
<
-
H
I
 1
1
 H
 H
«
?
IIH
 H
 H
 H
<
-
ii •
 n
»
 —
m
i m
i
•
 1
1
 •
»» II X
d
 tf
•
 <
f 1
1
 II II II
1
1
 «t<
 H
 <
*•
<
» U
<
f u
 i»
 <
m
»
 <
r
1
1
 H
I-<
H
 H
 H
II —
 •
-•
 II II 1
1
H
-<
 •
1
1
 I
t
 (I
K
f <
t<
 1
1
 •
 •
 II
<
f 1
1
 W
 1
1
 It 1
1
<
N
« N
 1
1
 1
1
 II
<
»
 n
 n
 n
 ii
<
f 1
»
<
|
i <
-«
•
 -l
»
<
 X
t
H
ff H
 ff
•
*» X
«N
>
 <
- 1
1
 »-•
<
N
«
 »
: *
 <
r
«
?
 -<
<
f N
t <
1
 H
 II •
-•
«- N
: i—
 U
 1
1
U
 •
<
» V
 1
1
1
1
 •
H
 1
1
 H
1
1
 •
H
 1
1
 1
1
1
1
 «*
<
 1
1
 1
1
 •
1
1
 «<
t» «<
1
1
 W
H
 M
 •
11 <*< 11
U
 <
f 11
IIII
 •
I
I
 •
I
I
 •
I
I
 •
U
 11
U
 1
11 11
•
I X
I
I
 x
II X
»•
 H
<
? II
l*f<
t»
ii -r
II <
f
H
 U
II 1
1
 II II
11 U
 H
 11
•
I 1
1
 II II
X
 1
1
 II II
X
 1
1
 II II
X
 I
I
 I
I
 I
I
1
1
 H
 1
1
 1
1
X
 II II II
X
 <
*
i t» 1
1
II IN
* 1
» II
W
f W
 H
M
 11 t» 11H
•
 •
 u
•
 •
 II
•
 •
 II
•
 •
- H
•
 —
«f
II <
f 1
1
II II II
II It II
11 II II
u
 n
 H
II II X
II II X
I
I
 H
 X
II II 11
11 II M
II II II
•
I II <
W
11 <*•»*»
ii m
»
M
 <N
«
<
f 1
1
 II II II II H
*
 >
-
<
r
w
»
 -r
 H
 w
 1
1
 •
-<
1
1
 II M
 m
»H
*
 1
1
 1
1
 •
W
 —
 -t
H
U
H
 X
-d
t U
 1
1
 W
 —
1
1
 II 1
1
 X
X
*
 «tH
» «<
 •
-<
1
1
 I
I
 I
I
 X
X
 I
I
 »
«
»
«
•
M
 It X
X
3
N
 ll»t» 1
1
 1
1
w
 n
 x
 x
 S
N
 H
*
«
»
<
r
<
r
•
W
 1
1
 X
 llttW
H
t I
I
 t>
iN
n
»m
t>
it»H
t H
 X
tifi—
<
W
 M
 •
**•
» H
 II 1
1
 •
W
 1
1
X
X
t
»
t
f>
t
»
<
C
H
*
«
<
 I
I
X
H
t
>
H
*
«
»
«
H
"
«
*
<
fH
X
 N
 •
» -IfH
*
 1
1
 1
1
 «•
 •
W
x
 ii -
»
iir
x
t
X
 II •
»>
>
» 1
>
X
 1
1
 H
»
<
fH
»
 -^
X
 X
 t>
 lN
iH
»
H
 X
t» >
W
 1
1
»
- X
 H
»
 <
f H
<
- if t» "N
« 1
1
<
N
 Id
 -» H
» II
II II
1
1
 IIII
N
t II t>
 II 1
1
 1
1
 <
f
«» •
» t>
 •
»» U
 U
 «tt
li n
 tr
n
 t»
 n
<
c
II H
 1
»X
4
» H
 1
1
ll n
 n
>
 x
 t
»
 «
h
<
f
<
fiN
»
 »
?
 <
f 0
 <
f H
<
f II II II 1
1
 «K
 <
«
<
*
•
 ii n
 u
 ii ii <
f
—
 1
-«
 •
•
•
u
n
•
 n
•
 II 1
1
II II 11
II 1
1
 II
II 1
1
 II II X
1
1
 1
1
 1
1
 X
X
«
•
 1
1
 I
I
 X
X
<
n
?
 ii x
x
1
1
 <
t»i W
 II 1
1
II U
 W
 #
 H
»
1
 U
 1
1
 <
f*
»
II t» II
II 11
II II
II II
II 1
1
-<
«
»
«
»
«
II II <
W
 II
II II 1
1
 II
II II II II
H
 H
 H
 X
ii w
 1
1
 a
M
 1
1
 n
 a
11 M
 11 II
II
«
H
 I
I
 I
I
 I
I
 I
I
 •
 I
I
1
1
 I
I
 I
I
 U
 I
I
 •
 (I
n
 ii ii ii n
 n
 H
1
1
 X
 H
 H
H
U
H
1
1
 X
: II II II II II
X
X
X
II H
 1
1
 H
x
 x
 ii n
 n
 ii 1
1
1
1
 II II II It II
1
1
 II II II II II
II II II II
I
I
 •
II 11
•I
ii n
 n
 n
II 1
1
 II II II
II 1
1
 II II II
U
 I
I
 I
I
 I
I
 I
I
 I
I
 1
1
 1
1
 •
 •
 •
H
i
i
n
i
i
 
i
t
 
1
1
 
n
 
•
 
•
 
•
1
1
 II It
II 1
1
 II
1
1
 -I
-»
11 •
*» II
1
1
 «•
 H
II W
 »
II t» N
11 t>
 II
•
•
H
I 11
•
•
*» 11
II w
 1
1
li n
r n
II 1
1
 —
II 11 II
-«•
*
» 1
1
n
u
n
11 H
 H
r
u
n
II 11
•
 II M
11
•
I II
II 11
II II
11 II
•I II
n
 i
•
 II
•
 II
II
1
1
 II II II
1
1
 II II II
t?>
*» «H
<
 II
•
- «
 t
*
r
t
»
II H
 1
1
 •
*>
ll n
» <
h
 ll
1—
<
II II II 1
-1
1
1
 II II —
II H
 f>
11 II H
»
n
 1
1
II II
II 1
1II
•
 II
II II II
11 II II
*»* «»•
•
*»
x
 u
 •
r
X
 1
1
 3
N
n
 M
 «
M
 11 3N
II 11 3N
M
 11 3K
11 II II
W
 II 11
II It 11
II II
•
 •
 I
I
•
 
•
 
•
II II
II 11
•
 11
11IIII11IIII
 
•
 
•
 
•
 
•
I
t
 
•
 
•
 
•
 
•
I
I
 
•
 
•
 
•
 
•
II -U
 <
•
«
 «
-ii-<
II •
0
 M
 (I >
-*
»
-
n
 i
i
 n
 n
l?
 •
1
1
 I
I
 I
I
1
1
 
•
•
u
n
*
1
1
 M
 •
w
w
w
*
•
-•
I
N
"
 H
 H
 n
•
 •
-
«
 n
 t
i n
n
 fm
m
 ii 1
1
1
1
 •
 •
-1
»
»
»
 I
I
1
1
 1
1
 •
H
O
 II
II 1
1
 II If II
1
1
 1
1
 •
 <
» II
II II II H
» II
II 1
1
 "tf <
f II
w
 1
»
 If II 1
1
1
1
 t» «f 1
1
 II
w
a
 n
 N
 S
K
X
 a
 ii a
*
 <
*
X
 X
 II M
M
X
 X
 1
1
 II X
II X
 1
1
1
1
 II X
II II II II II
II II II II It
II 1
1
 H
 U
 II
II II 0
 II II
II II
1
1
 II
II It
X
 I
I
x
 x
x
 x
X
X
II X
<
r w
m
i •
w
<
»
*
»
w
»
II X
I
I
 X
11 II
11 II
H
 11
II II
11 II
II II
II 11
1
1
 II
II 1
1
II II
II 1
1
II II
•
 •
I
I
 •
u
 n
11 II
II N
11 II
II 1
1
II 1M
II (I
1
1
 II
II II
II 11
U
 II
X
 1
1
X
X
X
X
X
X
X
X
X
 I
I
11 (I
1
1
 II
x
 x
x
 x
X
X
II X
II X
II X
II X
11 X
I
I
 X
II IN
II11 II
II 11
•
 II II
1
 U
 II
1
1
 II II
II 1
1
 II
II II U
I
I
 I
I
 X
1
1
 X
 X
1
1
 X
 X
II 1
1
 II
X
 1
1
 U
X
 1
1
 X
x
 u
 x
X
 1
1
 X
II 1
1
 X
1
1
 I
I
 X
I
I
 1
1
 X
II 1
1
 X
II II X
1
1
 X
 X
II II II
X
 II M
•
X
 II (I
X
 1
1
 II
x
 x
: |
|
X
 X
 I
I
II X
 II
1
1
 U
 1
1
II H
 (I
II II II
II 1
1
 II
1
1
 1
 •
I
I
 H
 •
nII It
II 1
1
 II
II II 11
II 1
1
 II
II X
 II
It X
 X
II X
 X
N
 U
 X
1
 X
 1
II II II
X
 X
 I
I
X
 II 1
1
X
 II 1
1
II II 11
X
 II 1
1
11 II II
I
I
 I
I
 X
1
1
 1
1
 X
X
 1
1
 II
x
 ii r
X
 I
I
 I
I
1
1
 II II
II II II
11 II II
X
 II II
II It II
II It II
11 II II
II 11
II 1
1
II II
11 II
1
1
 U
II II
11 II
11 II
II II
II II
II 1
1
tt 1
1
11 II
II II
II 11
11 W
1
 II
S
K
 II
II H
11 II
11 II
II II
II 11
II 11
II II
II II
II II
11 II
U
 II
1
1
 X
II X
II 11
II 11
II 11
IIIIIIIIII11 II
U
 II
II 11
ii n
II II
II II
II 11 II
1
1
 II H
1
1
 II N
11 ®
 II
II •
 «1
II II II
n
 u
 1
1
II II
II 11
II
IIII11II
II II
II 11
II II
II II
II II
II 11
11 H
II II
II tl
II II
II II
11 II
11 II
II 11
M
 II
11 II
(
H
O
 o
—
ir
y
^
m
c
o
o
c
o
 —
i(
y
n
(
\
j
i
i
j
m
C
T
>
»
o
i
f
i
(
v
J
 
•
-
'h
-
o
f
f
^
n
>
-
a
:
r
>
-
<
o
<
t
-
c
»
 
<
o
n
»
-
i
<
->
 U
 »
^
 0
 -*
•
-*
2
 
<
I
 
;
UJ~)m
c
h
O
'a
o
<
\
jo
<
r
u
r
r
),o
^
M
 o
o
M
in
M
G
—
I
O
'C
^
D
 
i
(
y
>
*
n
r
-
<
 
^
-
i
L
J
 —
i e
c
 I
T
 t
n
 r
^
 N
 —
>
(X
 iijru
 C
M
L
- U
s
±
t
 d
. (^
 f\
.' i^
 fr
, r
r
 '-^
 ^
- ^
 ^
- u
-. [f,
^
l
l
-
' 
\
 
\
\
\
\
\
 
\
2
:
 
o
i
i
-
?
-
C
£
>
-
a
.
r
u
>
-
X
(
\
(
M
>
-
c
c
t
u
 
Z
U
-
t
-
U
J
I
—
U
\
l
-
l
i
J
 
\
t
-
U
;
(
5
 =
>
 •
-
>
 U
. •
-
i
 b
. C
C
 '»
-
i
L
 a
 »
-
. i
Z
U
-
l
 
S
C
 
3
>
b
.
 
>
 
l
l
.
 
U
J
 
>
U
.
 
l
i
j
 
>
 
l
Z
-
I
 
-
'=
?
 
•
-
>
 
=
3
 
U
-
•
-
'=
}
 
l
i
.
 
>
-
^
I
- C
C
•
: t
- 3
D
 li- I
- £
B
 U
L
I
-I
E
u
 
u
 
^
 
u
 
^
 
c
-
<
 
<
I
 
E
C
.
 
•
 
<
l
 
C
L
 
<
3
C
 •
H
-
-
>
ir
O
<
t
e
i!X
3
N
X
a
»
X
3
I
0
1
!
 •
t
>
w
t
»
<
0
0
»
X
^
X
>
N
>
x
a
—
 2
. •
I
I
—
•
M
iO
O
f
X
S
I
I
K
ilH
ia
c
r
>
-
 
•
i
i
i
-
n
i
t
i
C
d
l
x
s
N
x
i
i
i
t
i
a
0
(
T
 •
H
>
-
»
t
«
C
®
»
X
3
N
»
«
»
t
I
B
-
3
 
-
I
'v
j
m
^
-
m
'^
a
o
y
 
o
^
<
^
)
f
^
xx
II X
 X
 1
1
 1
1
ii x
 x
 n
 n
II X
 II II II
II 1
1
 II II II
1
1
 II II II II
II 1
1
 II II II
IIIIII II II
11 II II
H
U
H
II II II
II II II
II 1
1
 II
II II II
11 II II
•
 II
•
 M
II II
11 II
II II
II 11
II II
II 11
11 II
11 II
11 IIII
1
1
 t» t* II 1
1
II t>
 t» II 1
1
1
1
 II I—
 II 1
1
1
1
 I
I
 •
I
I
 I
I
II H
 II II II
1
1
 II II II II II
1
1
 II 1
1
 II II II
II II II 1
1
 II II
II II X
 1
1
 II II
II 1
1
 X
 II II II
II N
•
 »—
<
»i W
 II II II 1
1
•
 i—
 <
n
w
 ii 1
1
 1
1
 1
1
H
 «•
 <
*
»4
f *
-" •
 U
 II
II II II II 1
1
 H
 W
W
W
 W
 H
 II II
|
|
 H
 •
 »
 ^
i^
m
"
H
"
»
 H
 I
I
 1
1
 U
1
1
 II II II »»<
H
» H
f >
->
1
1
 II II II II H
»
 tf
M
 II
II II
II II
I
I
 •
11 II
•
 II
11 II
11 II
II II11
11
II •
 1
1
II 11 II
II 1
1
 II
11 II
II 11
•
 •
•
I
I
 1
1
 1
1
 C
O
•
 •
•
I
I
 I
I
 I
I
 I
I
C
•
 •
 •
 I
I
 1
1
 I
I
 I
I
II It II
11 II
11 II
II 11
X
' M
x
-m
X
 311
X
 M
II 11
II II
II II
II II
II 11
II 1
1
II II
II 11
•
I II
II 1
1
II 11
II 11
II II
m
 M
X
 M
X
 M
X
 3
<
t
«
 I
N
11 11
11
II II
II II
11 II
X
 N
11 II
II X
1
1
 X
x
 x
X
 X
II 11
1
1
 II
II 1
1
II 1
1
II II
11 II
II II
II 11
(I II tl II
1
1
 II II II
1
1
 M
 II II
II 1
1
 X
 *
H
 U
 3
K
 H
X
 X
 1
1
 U
X
 X
 II II
a
r a
c x
 ii
x
 a
t
 «
 ii
x
 x
 x
 a
c
X
 II It 1
1
II 1
1
 II II
I
I
 X
 I
I
 I
I
II 11
II II
II II II II
1
1
 II II II
II II
II II
II II
11 II
H
 II
It II
11 II
M
 II
11 X
11 X
a
 x
II II
1
1
 (I
II II
I
I
 •
I
I
 •
1
1
 •
I
I
 •
I
I
 •
•
II II II
II 11 II
II II 1
1
U
 H
 11
M
 II 1
1
II II 1
1
It II
II 1
1
 X
1
1
 tl X
1
1
 X
 X
1
1
 II II
II II 1
1
II II II
•
 II II
•
 II II
•
 II 1
1
•
 II II
H
 II II
II II II 1
1
 II II
II II II II 1
1
 II
II II X
 II 1
1
 II
II X
 II 8
1
 II II
1
1
 X
 II II II II
I
I
 X
 X
 I
I
 I
I
 1
1
1
1
 II II II II II
1
1
 II II II II M
N
 II II 1
1
 II It
1
1
 •
 I
I
 I
I
 •
 •
I
I
 I
I
 N
1
1
 •
 •
1
1
 I
I
 1
1
 I
I
 •
 •
 •
 •
D
.
1
1
)
1
 
•
•
 
•
•
•
I
I
I
I
 I
I
 I
I
 •
 •
 •
 •
 I
I
 1
1
1
1
 1
1
 I
I
 •
 •
 •
 •
I
I
 I
I
D
 H
 •
•
•
•
1
1
1
1
 1
1
1
1
 •
 •
•
 •
 •
l
l
l
l
l
l
I
I
 
•
•
•
•
•
1
1
1
1
—
1
I
I
 
•
 
•
 
•
 
•
l
l
l
l
l
l
t
-
l
1
1
 II 1
1
 II II II II II —
I
II 1
1
 II II II II II «t<
 •
-•
1
1
 II II II II n
 n
 «*
<
<
*
<
ii ii n
 n
»
—
 <
w
 n
 «
»
«
m
>
1
1
 II II <
W
 <
N
«
 W
fiN
i
n
 n
 ii »
»
 N
m
r
 ii «
*
»
 «
N
I
H
H
M
M
W
it
f
M
n
H
1
1
 •
I
 I
I
 I
I
 •
?
4
- X
 x
 I
I
I
I
 (I
 I
I
 I
I
 <
- iW
 «
«
«
 X
I
I
 I
I
 H
 1
1
 <
f if f «
«
<
«
1
1
 II H
 II II K
» W
 >
H
I«»
X
 II 1
1
 II (I <
t<
 X
f U
K
 •
H
I
X
 1
1
 II II II II >
*
«
*
<
—
II 1
1
 II It II 1
1
 if «
•
 W
1
1
 H
 X
 II II 1
1
 t>
 >
N
I N
t
l n
 x
 x
 x
 x
 •
t
»
iH
»
X
i
l
l
 
l
l
 
x
x
x
x
 
1
1
 
>
-
^
.
x
I
I
 1
1
 X
X
X
X
 I
I
 X
X
-
H
a
iX
X
X
X
X
t
fH
'
H
X
X
X
X
X
X
'H
"
*
-
n
 a
x
x
 x
 ii 1
1
 «
•
r
 a
x
x
 x
 ii it
 1
1
n
 a
 *
x
 n
 n
 u
 n
 H
II II II II 1
1
 II II II
1
1
 I
I
 I
I
 X
 X
 I
t I
I
 I
I
I
I
 1
1
 I
I
 X
 X
 I
I
 I
I
 I
I
I
I
 1
1
 I
I
 X
 X
 I
I
 I
I
 I
I
3
T
X
 1
1
 X
X
 II II II
X
X
 I
I
 X
X
 I
I
 I
I
 I
I
a
 n
 i
i
 x
 i
i
 i
i
 i
i
 n
t»«f 1
1
•
»<
*<
 11
•
*>
<
- 11
' tfrtf •
H
'
'•
W
rtC
 «»<
1 >nm
*< *K
**»<
*<
»*<
1
 m
i-i K
r
x
*
>
w
«»
H
t. <
*<
 «<
1
 *»»»H
 «K
11
ll n
- id
 <
r
 ii
11 11 «fr 11 II
1
1
 •
H
I
I
 •
I
I
 •
 I
I
 I
I
 •
•
 I
I
 I
I
 I
I
 •
II 1
1
 II II II
II 1
1
 II II II
I
I
 I
I
 •
 I
I
 I
I
1
1
 •
 II II II
1
1
 •
 I
I
 I
I
 •
I
I
 I
I
 1
1
 I
I
 •
<
h
 I
I
 I
I
 I
I
 •
N
•
1
1
 II II •
«*
<
 1
1
 II II H
<
r
>
*
»
 n
 N
 ii
«<
«<
 *
»1
«|
<
K
 <
H
 l—
4
r
 iw
 it»
<
 -<
 i-i
»K
 <
K
 «H
t i-<
 I-T
X
l >
* X
rH
»! 4
H
1
1
 II II II II
II It II II (I
«<
 if l? <
K
 «K
It K
» 4
» »*>
 »t»
11 i—
 lO
 i»m
»»t
II >
-1
 tfl If tf
It —
- X
O
 tf •
»
H
»
I
f
11 II
11 II
II II
II 11
11 It
II 11
II II
II II
II 11
11 II
II II
II II
11 II
II 11
n
 1
1
II 11
u
 ii ii w
w
m
 —
 -
«
i
I
I
 1
1
 U
 <
*
 «
i •
»
 -»
>
-
>
•
 II II 4
f <
f •
H
I -<
 -•
'
W
K
 K
W
 m
i i»
»
 —
-1
1
w
<
w
 «<
m
<
 «<
 t» •
»» -»
X
«H
 W
 iW
 <
« •
*
0
 H
» 4
» i
X
«
<
 if «
•
 4
K
 -I «
i t>
 1
<
»
i»
 -d
 x
 x
t
»
 f n
»
»*<
 <
t<
 <
*<
 x
>
 •
» x
n
 •
» -»
<
H
»IH
I if W
<
 •
W
 t»t» •
»>
|
|
iH
iiH
n
H
n
|
»W
N
H
»i
II II <
W
tf if •
W
 t>
 --
II II II
11 II II
ii 1
1
 n
II II II
11 II II
II II II
II II II
II II 1
1
II II II
•
 •
 II
II II
11 II
II 11
x
 x
X
 X
x
 x
11 II
II II
II 11
11 II
11 II
11 II
1
1
 II II
II II II
II II II
X
 1
1
 I!
X
 1
1
 II
1
1
 II II
II II 1
1
II II II
H
 M
11 II
II 11
•
I
 •
 •
I
I
 
•
•
u
 
•
 
•
I
I
 
•
•
1
1
 
•
•
II II II
II 1
1
 II
II II II
•
 II 1
1
II II 1
1
II 1
1
 II
—
 ti n
 1
1
1
1
 -H
 tl
II t» II
4
»
 f I
I
•
*>
 t>
 II
K
» X
» tl
i»K
 H
» II
•
m
 n
» ii
«"? H
•
H
f t>
 11
»«t» I)
<
«•
 t>
 II
t» t» tl
II 11
H
 II
II 11
X
 X
II It
II 11
II 11
X
 II
x
 x
x
 x
11 II
II II
II II
II 11
II 11
11 II
H
 11
II It
II II
II II
II 11
II II
II 11
11 II
II H
11 II
1
1
 II II II II
II 1
1
 II II II
•
 1
1
 II
1
1
 •
 II
1
1
 M
l 1
1
 •
 •
111 II II 11
II i II II II
•
I •
 II 1
1
II 11
1
1
 II
f*
 >
->
 tf 1
1
 1
1
»*
>
 -•
 iH
iiN
. 1
1
»
»
»
 i-i tflK
ll |
|
X
» >
-i >
H
>
 i*
« <
K
1
1
 •
*» »N
«f <
H
I
I
 I
I
 tit I
t o
X
*
 I
I
 t
fll t
t
l
X
 X
 I
I
 1
1
 <
f
>
«
•
>
*
«
 ii m
i
x
x
i x
 n
 x
»
t*
H
» K
 II •
W
H
» H
» W
*
» II
•
w
 >
H
I fr n
r n
-<
>
*
•
' tt-W
 «
*
-
I—
 h
i H
» «1
 W
_
 _
<
 _
 m
, 1
1
^
^
 *-^
 *—
•
 *H
I II
>
_
 >
-(>
->
 I
I
 I
I
-<
 >
-»
 —
I II 1
1
-<
 —
I
 •
I
I
 1
1
—
i
 •
 •
H
 I
I
II II
11 II
II 11
x
 x
x
 x
M
X
X
K
<
*<
«<
«K
»»i
x
«w
m
n
?
itK
W
II «t«
II II
«K
4t<
II It
II II
I
I
 •
•
 •
• 11
•
 II
•
 II
1
—
1
 1
—
1
 1
—
1
 I—
<
 1
1
1
-1
 1
-1
 t
-t
 1
-1
 1
-<
 1
-1
 1
1
,_
<
 1
-1
 ^
-1
 1
-1
 1
-1
 1
-1
 t
»
t
 1
1
I
I
 *
t
f<
t
«
—
'>
-ii-^
<
t
<
*
H
X
t
 1
1
H
f if H
I
*
 >
-«
 i- i—
 <
f 1
1
 1
1
 H
x
r m
<
 >
l« --•
 —
•
 tn
tf 1
1
 n
 n
1
1
 itf <
H
 <
« X
fi t»W
 1
1
 H
 >
:
<
t<
«K
 >
? tf t» t>
 1
1
 1
1
 1
1
 X
ttlt»
:i*
ti 4
t>
ttl*
»
 II U
 X
 X
K
i»
>
»
»
|
ii?
 |
|
 I
I
 1
1
 X
X
 X
<
h
«
n
 »
n
 w
 li 1
1
 n
 x
x
 x
<
«»lH
»«H
ilW
<
»M
iH
»<
t<
X
X
X
._
_
^
_
,_
n
»
»
m
m
.<
H
,x
 1
1
,-
,1
-
w
 •
i
i
c
m
i
m
.i
H
n
N
i
n
u
 ii u
<
f>
M
in
»
»
m
«
«
>
t
»
x
»
1
1
 I
I
 I
I
 •
- t
»
 t
f *
-•
 •
- ^
- •
-
«
»
<
<
*
<
lt
*
*
—
 ->
-»
*
-<
•
->
-<
•
-.
1
1
 <
t
l"
H
<
<
f
H
»
f
>
»
-
i»
-
»
-
i-
<
1
1
 U
itt»i»t<
t»'X
»tf«*
t<
'>
«*
*
•
 •
I
H
I
I
W
—
I
«
-»
H
I
>
H
'K
>
'»
<
'
1
1
 •
 II tftli t» <
H
 U
K
 W
 W
1
1
 II II II >
t>
 tt f>
 >
H
<
 t>
 •
*
•
i ii •
 •
 r
 »
»
 <
»
«
iw
 n
»
 K
1
1
 II II II II ->
 W
 iN
»
1
»
 X
II 11
II II
11 II
II II
II II
II It
II 11
II II
11 II
II II
I
I
 X
X
 X
x
 x
x
 x
»
<
 x
X
- X
x
 x
x
 x
II It
II II
II II
•I II
11 II
II II
•
 II
•
 II
II 11
11 II
11 II
II 11
11 II
X
 II
X
 1
1
X
 11
x
 x
x
 x
9
t X
x
 x
x
 x
II 11
11 II
II 11
11 II
I
I
 I
I
 •
II II II
1
1
 II II
I
I
 I
t
 •
I
I
 I
I
 •
II II II
1
1
 II II
II II II
1
1
 II II
11 II II
II II
1
1
 II
N
 n
II 1
1
X
 II
X
 I
I
X
 X
11 II
H
 II
II II
II II
M
 II
II II
II 1
1
II II
II II
IIIIII
II1111
II 11 I H
 II 11
II II 111 II II
1
1
 II •
 II II
II 1
1
 i •
 1
1
 II
1
1
 1
1
 •
 I
I
 •
1
1
 II II II II
II II 1
1
 II IIliII
I
I
 •
•
I
I
 1
1
 •
ii n
 1
1
11 II II
•
 II II
I
I
 •
 I
I
I
I
 •
 I
I
w
 •
 n
1
1
 •
 II
II It II
II II 1
1
I
I
 1
1
 •
II 1
1
 II
II II 1
1
1
1
 •
 IIIIu
II II II
I
I
 •
II 1
1
tT
. <
v
m
 •
*
 IT
I•
-
>
-
>
-
>
-
>
-
U
 0
 U
 <
->
 <
-»
<
 <
 •
<
<
 <
n
 >
-o
 x
 x
a
: •
- a
- —
<
 iu
U
S
 2
 Z
 ^
 -I
i*
. n
 -s
 w
 —
L
L
 x
 u
 a
?
=
?
 u
a
 •
p
C
D
 V
) U
U
 2
:
=
>
»
-
•
»
C
 Z
 U
 0
a
: —
 z
0
3
 
i
f
l
m
 OT»-
ttj <
-»
»
-
 <
w
 a
.
(ft S
0
 •
-
a
.
z
; •
0
 t/>
<
J
 >
u
j <
n
 <
y
o
r (E
 r>
-
=
5
 -<
0
>
^
- ^
 •
—
<
(^uI-xua<tItJa.<«-»<n0z<.^I*.0»-•zu3E»-CL<a.U0
1^u- o
<
•
 z
_tO
C
<
 O
L
Z
<
/5
0t
*
l
®IU
 <
a
:
»
-
0
o
 <
n
z
 u
<
I
 2z-
z
 ^
"B
<
 z
CDCC
 t*.
=
) 0
a
. >
-
0
 t-
u
. •
-
(/)
a
: a
U
 l*
J
I
- >
z
 >
-•
U
 2
<
J
~
D
2:
3
-
•
z
2s
ss2z2zzzz•Ez-X2:
ss3zs3E-2's:z^z22z
z3E;22:•s.3Es
:Ez5Z
'
z
V
I
U
J
z;
sz:sss.2: S
.
•
s:
2:3:
•
s
.
s
-
z3:2:srzs-z3-•s.
2
-
z
3
-
 S
s
-
s
.
(/1u2:frl
0z>
-<
z2<-1a.a.UJI-in<z:I>-
ar?(^/»I-0_J
in
 >
-
<
 u
liJ
 2
o
r
 u
}
<
 0<
20
 (S
•
-
Z
»
-
 -
«
<
•
 z
U
J Z
C
E
 «t
<
->
 -I
u
 a
.
cr
IU
C
 I
-
2
 <
t
<
r >
—in
^
.
E
L
 <
r
^
 ^
-
a
. oin
u
 tu
t
-
 Z
<
t 2
s
:
zz5
-
5^
'
zsss2:zzs
S
'
^
-
3
.
s
-
z^5:•z.2:5.szz5
U
J
_
1
>
-1
2-cT»—
D
-]
_
"3
t^>
LJ.I
u<C
t:
o
r)
L
U
0
0
0Q
-
00aL
U
C
/)
U
3
^
0
a
. v
i 3
:
-
 7
7
 -
c^cu£®(0
r
Step 8 Sector Plans
The final computer-aided step in the planning process involves the
preparation of plans for each of the five activity sectors. Each
sector composite is reviewed to determine whether more than one
activity in the sector is "competing" for a given cell or activity
site. Competition, does not necessarily mean that activities conflict
with one another and in some cases, multiple activities can occur
I within a cell. Conversely, a particular cluster of cells might fulfill
the resource requirements for a variety of camping activities, but
primitive camping and high density camping are not compatible.
This step is accomplished with a decision matrix similar to the one
developed for Revised Composites (Step 7). The matrix compares the
5 activities within a sector with each other. This time3 the question
i is asked, "Can the two activities co-exist in the same cell - yes or
no?" If the answer is "yes", a 0 is entered in the block. If the
\ answer is "no", the activity numFer is entered. .(This is the reverse
j of the scoring procedure used in Revised Composites.) Again, each
activity is given one of the numbers 1, 2, 4, 8 or 16. Total
compatibility will result in a perfect score of 31. In the example of
the sector, "summer activities" illustrated in Figure 9 , grouse
habitat (activity number 8) is incompatible with pi'cmcklng (2) and
swimming (4). All other activities within the sector are compatible
with one another.
I
In determining which of the incompatible activities should be eliminated,
I the order or priority or importance of each activity is specified by
[ the user. The priority and appropriateness of each activity depends
on the type of area being considered. Normally, a study would deal
with the one kind of area but in the Black Bear and Sunrise Studies,
the feasibility for developing three types of area was examined -
state park, state recreation area and state forest.
The definitions and criteria for these three types of area were taken
I from the Project 80 Report entitled "Minnesota Resource Potential in
Outdoor Recreation." This report was prepared jointly by the State
Planning Agency and the Department of Natural Resources for the Legislature
and published in 1971. While the Project 80 Report provides detailed
selection and management criteria for each type of area, the general
descriptions are as follows:
State Park
State Parks will be established to protect and perpetuate resources which
illustrate and exemplify Minnesota's natural heritage. They must be
sufficiently large to protect the ecological community while providing
for a broad range of opportunities for human enjoyment. State parks are
not intended to accommodate all forms or unlimited volumes of recreational
use.
- 81 -
State Recreation Area
Recreation areas will be established to provide a broad selection I
of outstanding recreational opportunities for use by a large number !l
of people. The resources of a recreational area must be capable of
supporting the large scale intensive recreational use which will take
place on the area.
State Forest
State forests are managed in accordance with the multiple-use concept
for maximum public benefit from the resource. State forests are
established to assure adequate growth, management and sustained-yield
harvesting of timber and other forest crops. Normally extensive in
area, the Forest provides a seim-wilderness to wilderness setting
for dispersed use activities, including hunting, fishing, berry-
picking, nature study and trail-related activities. Within a state
forest, sub-areas may be established to permit the development and
management of specialized outdoor recreational activities at
locations that do not conflict with the primary purpose of the forest.
These sub-areas may include day use areas and campgrounds. Day use
areas have activities including, but not limited to picnicking,
fishing, swimming, boat launching, hiking and interpretation.
Based on these definitions, the following order or priority was established
for outdoor recreational activities in each area:
AS STATE PARK AS RECREATION AREA AS STATE FOREST
1. Picnicking Picnicking Forest Production
2. Grouse Habitat Swimming Grouse Habitat
3. Swimming Grouse Habitat Picnicking
4. Buffer Buffer Swimming I
(No Forest Production) (No Forest Production) Buffer
The order or priority for each activity is tied to the activity number [
(1, 2, 4» 8 or 16). The sector plans produced by the computer illustrate |
the range of activities that can acceptably occur in each cell.
[
1
Sector plans
Intercompatibility of Summer Activities V 57
1 Buffer
2 Picnicking
4 Swimming
8 Grouse habitat
16 Forest production
Activities
1 2 4 816
1
- 2
^
.-i± 4
>
+-•
U 8
<
16
0
0
0
0
0
0
0
0
•
0
0
0
0
•
0
0
•
•
0
0
0
0
0
0
0
1
2
-^ 4
Activities
1248 16
8 8
2
4
8
16
TOTAL 0886 0
r~
F
Decision matrix
Can the two activities
coexist in the same cell?
Yes 0 No
FIGURE 9
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r Conclusions and Recommendations
^ ,
Black Bear
The Black Bear site was originally proposed as a state park during the
1971 Legislative session. At the request of the Department of Natural
Resources, Black Bear was analyzed as a state park and a recreationel
area as part of Project 80. The result of that analysis indicated an
almost even ranking for either of the two uses. Black Bear was ranked
as a third quartile unit (first quartile having the highest quality).
Project 80 also ranked the significance of the various resources in
BTack Bear from one to five with one representing the highest sigm'fi-
cance or quality. The site was evaluated as follows:
Landform - 3
Vegetation - 3
History - 4
Recreational water potential - 3
The present study allowed the resources of the site to be examined in
greater detail to determine their suitability for various recreational
uses. Since part of the site lies within the existing Crow Wing State
{ Forest, the study team evaluated the Black Bear site as a state park,
f state recreation area, and a state forest.
As a result of the analysis described in this report, it is recommended
that the Black Bear site not be developed as a major state recreational
facility. The resources of the site suggest that continued management
as a state forest is the most appropriate use of the area. The Black
Bear site does not possess the unique natural or cultural characteristics
desirable for a state park nor is there evidence of historical, archeological
or sci';ntific features of State significance. The southern extremity of the
study area displays considerable disruption from several power lines.
1 The land and water resources are not particularly adaptable to the intensive
use and development patterns of a State Recreation Area. Black Bear_Lake
is only 235 acres in'size and Miller Lake is 103 acres. The depth_of Black
L Bear Lake is 50 feet and its fish type is Bass-Panfish. In 1970, Black
Bear Lake was developed with 16 seasonal residences and one permanent home.
There were no resorts. This development placed Black Bear Lake in the 4th
j or most crowded quartile of lakes surveyed in the Minnesota Lakeshore Study
with 14.1 acres of water per dwelling. Miller Lake was not contained in that
Study.
The Mississippi River is clearly the major water resource in the site area.
It can now be protected and/or developed, however, without-designation of
the site as a state park. Key parcels for access, facility development
and resource protection can be acquired within the boundaries of the
existing Crow Wing State Forest. The Department of Natural Resources
could also utilize its authority to acquire land for public access, or
designate the River as a Wild, Scenic or Recreational River*, permitting
it to acquire and zone land within the boundaries of the designated River.
- 89 -
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From a regional perspective there exists a wide variety of public and
private recreational facilities. State facilities include Crow Wing
State Park, located on the Mississippi River about 15 miles south of
Brainerd and Mille Lacs Kathio State Park and Father Hennepin State
Park, both of which are within an hours drive of Brainerd. These
parks do not appear to be operating at their full capacity. The
Pillsbury and Wealthwood State Forests are also nearby and the Black
Bear site includes the southern third of the Crow Wing State Forest.
A number of public access sites are maintained by the Department of
Natural Resources and the U.S. Corps of Engineers administers the
Cross Lake Recreation Area on the Pine River outlet of Cross Lake.
In the private sector, the area abounds with resorts on practically
every major lake.
In the Minnesota Outdoor Recreation Plan 1974, about to be published,
the Department of Natural Resources stated that there is a need for
additional facilities in Recreation Planning Region 5 which includes
Cass, Wadena, Todd, Morrison, Aitkin, and Crow Wing Counties. The
estimated number of facilities that are needed by various years is
as follows:
+ = surplus
- = deficiency
Swimming
Camping
Picnicking
Water Access Sites
Snowmobile Trails (miles)
Hiking Trails (miles)
1975
Acres
-35
-78
-500
Units
+143
-141
-785
-100
-587
+224
1980 1990
Acres
-302
-88
Units Acres
+138
-1208 -659
-879 -106
NO PROJECTION
NO PROJECTION
NO PROJECTION
Units
+128
-2635
-1055
The Outdoor Recreation Plan states that "20 percent of the campsites
be of the primitive type, 50 percent be semi-modern, and 30 percent be
modern. It is suggested that the private sector continue to provide the
bulk of the campsites in Region 5, including all the modern sites and
a large share of the semi-modern sites. It is not anticipated that
the state will add any significant number of sites, and therefore the
state's share of the total will decrease." The Plan also suggests,
"that counties take a significantly larger role in providing picnicking
opportunities in the region (1% of total in 1972), in conjunction with
county parks or recreation areas* The state has only two parks and one
wayside in the region, so further picnic development will be quite limited.
There is a substantial amount of state forest land in the region, however,
which could provide additional forest-onented picnic facilities in small
developments in selected locations."
RegardingWater Access Sites, the Plan states that, "There are currently
92 lakes of 150 acres or more in Region 5, which do not have public accesses
The state (DNR) should provide access on these lakes." The Plan suggests
that "Counties should assume a major responsibility in providing trails in
- go *
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I Region 5 (they control nearly 380,000 acres of land in the region). The
state will also have a major role, both by virtue of its large land holdings
(261,000 acres) and the proposed statewide system of overland trails."
The Black Bear site analysis has confirmed that there are opportunities
for forest production, wildlife production, fishing and various low
intensi-ty recreational developments. If implemented, the proposed state
forest Development/Management concept plan on page 93 would represent a
substantial step in alleviating the regional defi'ciencieSo Applying
the standards for each activity as outlined on page 51, the plan provides:
Cells Units
Swrmming 3 3
Primitive Camping 44 132
Low Density Camping 22 176
Picnicking 33 693
Water Access Sites 3 3
These developments are consistent with the long-standing multiple use
management concept applied to all of the state forests. It is feasible
to provide this mix of useswhile maintaining the commercial forest
value of the area and the private ownership of homes on the two Takes.
If a major recreational complex were developed, 1t would be desirable
to purchase these private holdings. Consequently, it is recommended
that the site continue to be managed as a Minnesota State Forest
j with the provision of those recreational developments that will enhance
the opportunities of the site for public enjoyment.
The Development/Management concept plan is a general recommendation of
appropriate site utilization and development. The proposed Management
Zones and Recreational Developments are the result of the extensive site
inventory and analysis steps previously described. It was felt that a
generalized concept plan would be more in keeping with the original
intent of this feasibility study than a more detailed master plan.
The generalized plan allows the Department of Natural Resources, the
managing agency, more flexibi'Tity "in determining the most appropriate
facility arrangement and resource management techniques.
If a demand for additional public recreational facilities can be shown
by visitor counts and other reliable indicators, it is recommended that
the State seriously consider the development of a major high-use Recreation
Area. Since the major attraction of this region is its numerous high-
quality lakes, this facility should be located on a lake large enough
to provide for a diversity of recreational uses by a large number of
visitors.
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rSunrise
The proposed Sunrise State Park was first introduced in the Legislature
1n 1969, was again proposed in 1971, and was made the St. Croix Wild
River State Park by the Legislature in 1973. The site was also analyzed
in the Project 80 study at the request of the Department of Natural
Resources and ranked a good deal higher than the Black Bear site.
Project 80 considered Sunrise only as a state park and ranked it as
fir&t quartile unit in the top ten percent of all units considered
as state parks. Its resources ratings were:
Landform - 1
Vegetation - 1
History - 3
Water - 3
As in the case of Black Bear, the current study permitted a closer
look at the qualities of the area* Although history is not regarded
as a primary determinant of state park location, it was felt that an
historical survey of the site would be useful, since the St. Croix River
Valley has had a full, rich history. It was also felt that the involve-
ment of the Minnesota Historical Society would provide the interdepartmental
cooperation stressed in the Project 80 report. The Historical Society
surveyed the Sunrise area under contract with the State Planning Agency
and identified a number of potentially significant historic sites.
The Society plans to study these sites in more detail at a later date
to determine their value for reconstruction and/or interpretation. The
proper treatment of these sites could be a determinant in the future
value and popularity of the area.
There was an attempt to engage the services of a naturalist to analyze
the flora and fauna of the site as a basis for planning; unfortunately,
the necessary arrangements could not be made. It is highly recommended
that such an analysis be conducted before a final master plan is proposed
and certainly prior to any site development.
Sunrise's linear character, its variations in resources and land use,
and its location on a federally designated Scenic River make it difficult
to categorize. The site is divided into two distinctly different areas.
The area north of the Sunrise River is predominantly a wooded, lowland
swamp which will not withstand intensive types of outdoor recreation. Its
use should be carefully controlled and limited to activities such as hiking
and nature study trails.
The area south of the Sunrise River has been used for agricultural purposes
and is more adaptable to developed recreational activities such as picnicking
and camping. A vegetative management plan that seeks to restore species of
vegetation that are -indigenous to the site should be developed as soon as
possible.
The St. Croix River has Scenic River status throughout the entire reach
of'the park; consequently, it is recommended that the waterfront receive
cautious treatment — activity areas should be well screened from the
- 95 -
r
waterfront. Since the National Park Service win have jurisdiction ^
over land within 300 feet of the River's edge, the plans for Sunrise
will have to be coordinated with that agency.
In summary, the Sunrise Site provides opportunities for hiking and
nature study in a natural environment in the northern portion. The t
southern portion will serve as a staging area for water-related t
activities. Depending on the results of future studies, the site
may also contain significant natural and historical resources which
will serve as the basis for interpretive programs.
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rAPPENDIX A
IMPACT/HAZARD FORMULAS
POTENTIAL BEARING HAZARD
(Conditions Inadequate to Support Construction Safety)
V38
FACTORS:
SEVERE BEARING
or
MAJOR BEARING
MODERATE BEARING
MINOR BEARING
NO PROBLEMS
WATER
Hydrology - Water or Land
Soils - Severe, Poor, or Fair—Good Support
Slope - Steep, Rolling or Flat
All Severe Soils
Poor Soils with Steep or Rolling Slope
Poor Soils with Flat Land
Good-Fair Soils with Steep Slope
Good-Fair Soils with Rolling Slope
Good-Fair Soils with Flat Land
Open Water on Hydrology Map
POTENTIAL GROUSE HABITAT IMPACT VI6
(Conditions Favorable for High Production of Grouse)
FACTORS: Vegetation - (Type, Size, Density) Very Good to Very Poor
Vegetation Edge - Wooded or Open Edge vs. Non-Edge
= Very Good Vegetation and also Edge
(None on Black Be^r Site)
= Good Vegetation and also Edge
= Very Good Vegetation and Non-Edge
= Medium Vegetation and also Edge
= Good Vegetation and Non-Edge
= Poor Vegetation and also Edge
= Medium Vegetation and Non-Edge
= Poor Vegetation and Edge
or = Very Poor Vegetation
PRIME HABITAT
2ND
3RD
4TH
PRIORITY
or
PRIORITY
or
PRIORITY
or
NONE
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POTENTIAL EROSION IMPACT V35
(Susceptibility of Soil to Erosion-Sedimentation from Surface Water Runoff)
FACTORS: Slope - Rolling, Steep, Flat
Soil - Poor, Fair, Good, Resistance to Erosion
Vegetation - Farm, Pasture (none), Sparse Trees, Dense Trees
SEVERE = Steep Slope, Poor Soil, and Farm
MAJOR = Steep Slope, Fair Soil, and Farm
or = Rolling Slope, Poor Soil, and Farm
or = Steep Slope, Poor Soil, and Pasture
MODERATE = Rolling Slope, Fair Soil, and Farm
or = Rolling Slope, Poor Soil, and Pasture
or = Steep Slope, Fair Soil, and Pasture
or = Steep Slope, Poor Soil, and Sparse Trees
MINOR = Rolling Slope, Fair Soil, and Pasture
or = Steep Slope, Fair Soil, and Sparse Trees
or = Rolling Slope, Poor Soil, and Sparse Trees
NONE = Rolling Slope, Fair Soil, and Sparse Trees
or = All Flat Land
or = All Good Soil
or = All Dense Trees
ri !
r
POTENTIAL FOREST FIRE HAZARD
(Susceptibility to Forest Fire - Fuel and Moisture)
V36
FACTORS: Soils - Water Areas, Wet or Dry
Vegetation (Fuel content) - Very High to Low Combustion
Potential
SEVERE = Very High Vegetation and Dry Soil
MAJOR = High Vegetation and Dry Soil
or = Very High Vegetation and Wet Soil
MODERATE = High Vegetation and Wet Soil
MINOR = Medium Vegetation and Dry Soil
NONE = Low Vegetation
or = Medium Vegetation and Wet Soil
WATER = Open Water on Soil Map
I
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POTENTIAL FLOODING HAZARD V37
(Susceptibility to Periodic Inundation)
FACTORS: Soils - Water, Alluvial, Peat, or others
Slope - Flat or Steep
Shoreline - Lake/pond/nver, stream, or inland
SEVERE = Shoreline - Lake/pond/river and flat and alluvial soil
MAJOR = Shoreline - Stream and Flat and Alluvial Soil
or = Shoreline - Lake/pond/river and Flat and Peat Soil
MODERATE = Shoreline - Lake/pond/nver and Flat and Other Soil
or = Shoreline - Stream and Flat and Peat Soil
MINOR = Shoreline - Stream and Flat and Other Soil
NONE = All Inland Areas
or = All Steep Slope Areas
WATER = Open Water Areas on Soil Map
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PROJECT PARTICIPANTS |
Project Coordination ^
Alan Robinette, Assistant Professor, Department of Landscape
Architecture, University of Minnesota
Roger Williams, Director of Park and Open Space Planning,
Minnesota State Planning Agency ;
Jack Shea, Research Fellow, Center for Urban and Regional
Affairs, University of Minnesota
Programming/Research
Department of Landscape Architecture, University of Minnesota:
Paul Sand, Systems Analysis/Programmer
Dave Steen, Research Assistant
John Swan son. Research Assistant
Project Advjsory
Minnesota Department of Natural Resources
Dick Carl son a Division of Game and Fish
Brian Holt, Bureau of Planning
Wayland Porter, Bureau of Engineering
John Winter, Bureau of Engineering
U.S. Department of Interior, Bureau of Sport Fisheries and Wildlife:
Edward Crozier, National Planning Team
William Sontag, Regional Staff
U.S. Department of Agriculture
Dave Lime, Recreation Specialist, North Central Forest
Experiment Station
Leon C. Chamberlain, St. Clcud District, Soil Conservation Services
University of Minnesota
Jim Kuska, Landscape Architect, Departnent of Horticulture
George Orning, Project Director, Minnesota Land Management Information
System
Ken Kozar, Systems Director, Minnesota Land Management Information
System
Les Maki, Systems Analyst, Minnesota Land Management Information
System
Project Review
Minnesota State Planning Agency:
Don Yaeger, Natural Resources Planner
Cynthia Whiteford, Land Use Planner
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